Kallikreins are a subgroup of serine proteases and these proteolytic enzymes have diverse physiological functions in many tissues. Growing evidence suggests that many kallikreins are implicated in carcinogenesis. In rodents, kallikreins constitute a large multigene family, but in humans, only three genes were identified. By using the positional candidate gene approach, we were able to identify a new kallikrein-like gene, tentatively named KLK-L4 (for kallikrein-like gene 4). This new gene maps to chromosome 19q13.3-q13.4, is formed of five coding exons and four introns, and shows structural similarity to other kallikreins and kallikrein-like genes. KLK-L4 is expressed in a variety of tissues including prostate, salivary gland, breast, and testis. Our preliminary results show that KLK-L4 is down-regulated, at the mRNA level, in breast cancer tissues and breast cancer cell lines. Its expression is regulated by steroid hormones in the breast cancer cell line BT-474. This gene may be involved in the pathogenesis and/or progression of breast cancer and may find applicability as a novel cancer biomarker.
1 gene (NES1) was found to be a tumor suppressor (11) that is down-regulated during breast cancer progression. The zyme/ protease M/neurosin gene is expressed in primary breast cancers but is down-regulated at metastatic sites (4) .
The large size of the kallikrein gene family in other species, such as rat and mouse, where kallikreins are encoded by [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] genes (12) (13) , and the recent identification of new kallikreinlike genes suggested that the human kallikrein gene family may be larger than previously thought. The rodent kallikrein genes are located in clusters on chromosome 7, and the region between two mouse kallikrein genes in a cluster can be as small as 3-7 kb (14) .
In our efforts to identify new kallikrein-like genes that might be useful as diagnostic and/or prognostic markers for cancer, we studied a genomic area of ϳ300 kb around chromosome 19q13.3-q13. 4 , where the known human kallikrein genes are localized. We were able to identify three new kallikrein-like genes; KLK-L1 (for kallikrein-like gene 1) (15) KLK-L2 (for kallikrein-like gene 2) (16, 17) , and KLK-L3. 2 Here, we describe the cloning of a new kallikrein-like gene, named kallikrein-like gene 4 (KLK-L4), together with its precise chromosomal localization in relation to other kallikreins and its tissue expression pattern. We further describe identification of alternatively spliced forms of this gene in some tissues. We also provide preliminary evidence indicating that KLK-L4 is down-regulated in breast cancer tissues and breast cancer cell lines and that it is hormonally regulated in the breast cancer cell line BT-474.
MATERIALS AND METHODS

DNA Sequence on Chromosome 19 and Prediction of New Genes-We
have obtained sequencing data of ϳ300 kb of nucleotides, around chromosome 19q13.3-q13. 4 , from the web site of the Lawrence Livermore National Laboratory and constructed an almost contiguous stretch of genomic sequences. A number of computer programs were used to predict the presence of putative new genes in this genomic area (16) .
Expressed Sequence Tag (EST) Searching-The predicted exons of the putative new gene were subjected to homology search using the BLASTN algorithm (18) on the National Center for Biotechnology Information web server against the human EST data base (dbEST). Clones with Ͼ95% homology were obtained from the I.M.A.G.E. consortium (19) through Research Genetics Inc., Huntsville, AL. The clones were propagated, purified, and sequenced from both directions with an automated sequencer using insert-flanking vector primers.
Rapid Amplification of cDNA Ends (3Ј-RACE)-According to the EST sequence data and the predicted structure of the gene, two genespecific primers were designed, and two rounds of RACE reactions (nested PCR) were performed with 5 l of Marathon Ready 228 cDNA of human testis (CLONTECH) as a template. The reaction mix and PCR conditions used were according to the manufacturer's recommendations.
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The Tissue Expression-Total RNA isolated from 26 different human tissues was purchased from CLONTECH. We prepared cDNA as described below and used it for PCR reactions with different sets of primers (Table I) . Tissue cDNAs were amplified at various dilutions.
Breast Cancer Cell Line and Hormonal Stimulation ExperimentsThe breast cancer cell line BT-474 was purchased from the American Type Culture Collection (ATCC), Rockville, MD. Cells were cultured in RPMI media (Life Technologies, Inc.) supplemented with glutamine (200 mmol/liter), bovine insulin (10 mg/liter), fetal bovine serum (10%), antibiotics, and antimycotics in plastic flasks to near confluency. The cells were then aliquoted into 24-well tissue culture plates and cultured to 50% confluency. 24 h before the experiments, the culture media were changed into phenol red-free media containing 10% charcoal-stripped fetal bovine serum. For stimulation experiments, various steroid hormones dissolved in 100% ethanol were added into the culture media, at a final concentration of 10 Ϫ8 M. Cells stimulated with 100% ethanol were included as controls. The cells were cultured for 24 h and then harvested for mRNA extraction.
Reverse Transcriptase Polymerase Chain Reaction-Total RNA was extracted from the breast cancer tissues and cell lines using Trizol ™ reagent (Life Technologies, Inc.) following the manufacturer's instructions. RNA concentration was determined spectrophotometrically. 2 g of total RNA was reverse-transcribed into first strand cDNA using the Superscript TM preamplification system (Life Technologies, Inc.). The final volume was 20 l. Based on the combined information obtained from the predicted genomic structure of the new gene and the EST sequences, two gene-specific primers were designed (L4-F1 and L4-R1, see Table I ) and PCR was carried out in a reaction mixture containing 1 l of cDNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 200 M dNTPs, 150 ng of primers, and 2.5 units of AmpliTaq Gold DNA polymerase (Roche Molecular Systems) on a Perkin-Elmer 9600 thermal cycler. The cycling conditions were 94°C for 9 min to activate the Taq Gold DNA polymerase followed by 43 cycles of 94°C for 30 s, 63°C for 1 min, and a final extension at 63°C for 10 min. Equal amounts of PCR products were electrophoresed on 2% agarose gels and visualized by ethidium bromide staining. All primers for RT-PCR spanned at least 2 exons to avoid contamination by genomic DNA.
To verify the identity of the PCR products, they were cloned into the pCR 2.1-TOPO vector (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. The inserts were sequenced from both directions using vector-specific primers with an automated DNA sequencer.
Normal and Malignant Breast Tissues-Normal breast tissues were obtained from women undergoing reduction mammoplasties. Breast tumor tissues were obtained from female patients at participating hospitals of the Ontario Provincial Steroid Hormone Receptor Program. The normal and tumor tissues were immediately frozen in liquid nitrogen after surgical resection and stored in this manner until extracted. The tissues were pulverized with a hammer at dry ice temperature, and RNA was extracted as described above, using Trizol reagent.
Structure Analysis-Multiple alignment was performed using the Clustal X software package and the multiple alignment program available from the Baylor College of Medicine, Houston, TX. Phylogenetic studies were performed using the Phylip software package. Distance matrix analysis was performed using the "Neighbor-Joining/UPGMA" program, and parsimony analysis was done using the "Protpars" program. The hydrophobicity study was performed using the Baylor College of Medicine search launcher programs. Signal peptide was predicted using the "SignalP" server. Protein structure analysis was performed by the "SAPS" (structural analysis of protein sequence) program.
RESULTS
Cloning of the KLK-L4
Gene-Computer analysis of the genomic sequence around chromosome 19q13.3-q13.4 predicted a putative new gene formed of at least 3 exons. To experimentally verify the existence of this gene, the putative exons were subjected to sequence homology search against the human EST data base (dbEST), and four EST clones with Ͼ97% homology were identified (Table II) . All ESTs were cloned from testicular tissue. These clones were obtained and inserts were sequenced from both directions. Sequences were then compared with the computer-predicted structure, and final selection of the intron/ exon splice sites was made according to the EST sequences.
As shown in 
TABLE I Primers used for reverse RT-PCR analysis
Gene
Primer name Sequence
All nucleotide sequences are given in the 5Ј33Ј orientation. presence, in some ESTs, of interrupting stop codons in all three possible reading frames. Homology search of the three common exons against the GenBank TM data base revealed a cDNA sequence from the German Human Genome Project. This clone has an identical exon 2 as the long form of KLK-L4 gene (this form will be described below) but has an extended exon 3 that ends with a stop codon (Fig. 1 ). This clone was isolated from uterine tissue and is translated by software into a truncated protein product of 196 amino acids, which is followed by a 3Ј-untranslated region (GenBank TM accession no. AL050220). Screening of cDNAs from 26 different tissues by RT-PCR, using gene-specific primers for exons 3 and 5 (L4-F1 and L4-R1) (Table I and Fig. 1 ), revealed that this gene is expressed in many tissues. Four tissues that show the highest level of expression (salivary gland, mammary gland, prostate, and testis ( Fig. 2) ) and uterus (the EST clone AL050220 was isolated from this tissue) were selected for identification of the full structure of the gene. Different PCR reactions were performed using one reverse primer (L4-R1) together with each of the forward primers located in upstream exons that were found in the different EST clones (primers L4-B, L4-D, L4-E) ( Table I and Fig. 1 ). The PCR reactions were performed under different experimental conditions, using the EST clones as positive controls, and the PCR products were sequenced. None of these forms were found in any of the tissues, except in testis where all three forms were found (data not shown).
By RT-PCR of the KLK-L4 gene using primers L4-R1 and L4-F1, it was found that the gene is expressed in a wide variety of tissues (Fig. 2) . To obtain the structural forms that exist in these tissues, a homology study was performed. Aligning the predicted polypeptide of the KLK-L4 gene with all other kallikreins and kallikrein-like genes suggested, by homology, that at least two more exons should be present upstream of the predicted three exons. The genomic fragment upstream of the third exon was subjected to further computer analysis for gene prediction, and exon 2 was identified based on: (a) a consensus exon/intron splice site; (b) preservation intron phase II after this exon, in agreement to intron phases of all other known kallikreins (see "Discussion" for details); (c) presence of the histidine residue of the catalytic triad (His 76 ) surrounded by a well conserved peptide motif (see below) just before the end of this exon; and (d) comparable exon length to other kallikrein genes. A potential first exon was also predicted from the upstream genomic sequence based on the preserved intron phase (phase I), and the existence of an in-frame start codon that is located at a comparable distance (in relation to other kallikreins) from the end of this exon. To verify this predicted Frame shifting occurs as a result of utilization of an alternative splice site, and a stop codon is generated at the beginning of exon 4 in the short form. Lower panel, PCR products of the amplification of the KLK-L4 gene using L4-R1 and L4-X1 primers ( Fig. 1 and structure, a PCR reaction was performed using one reverse primer (L4-R1) together with another forward primer that is located in the predicted first exon (primer L4-X1) ( Table I and Fig. 1 ). Two main PCR bands were obtained from the tissues examined, the expected 819-bp band (predominant) and an additional minor band of about 650 bp (Fig. 3) . Cloning and sequencing of these two bands revealed that the gene exists in two main forms in these tissues; the long form (our GenBank TM submission AF135024) and another form (referred to as the short KLK-L4 variant) that utilizes an upstream alternative splice donor site located inside exon 3 thus creating an mRNA product that that is 214 bp shorter. This alternative splice site causes frame shifting of the coding region that will generate a predicted stop codon at the beginning of exon 4 giving rise to a truncated protein product that does not contain the serine residue of the catalytic triad (Figs. 3 and 4) .
Aligning the long KLK-L4 form with the ESTs (Fig. 1) demonstrated that all ESTs utilize a different splice donor site located 80 bp downstream from the end of exon 3. These additional 80 bp contain an in-frame stop codon at nucleotide position 5505, which will lead to the formation of a shorter polypeptide product. They also utilize an alternative polyadenylation signal located at position 8706 (numbers refer to our GenBank TM submission AF135024). The clone from the German Genome Project utilizes another splice donor site that is located further downstream, inside intron 3 and ends up with a poly(A) tail without having a fourth or fifth exon. The same stop codon (position 5505) will be in-frame, and therefore, a truncated protein product is predicted to be formed (Fig. 1) .
To obtain the 3Ј-end of the gene, a 3Ј-RACE reaction was performed, and an additional 375-bp fragment of 3Ј-untranslated region, downstream from PCR primer L4-R1, was obtained. This fragment was further confirmed to be present in all tissues tested by performing a PCR reaction using primers L4-F1 and L4-R3 (Table I and Fig. 1 ). This fragment ends with a putative polyadenylation signal variant (TATAAA).
Structural Characterization of the KLK-L4 Gene and Its Protein Product-The long form of the KLK-L4 gene is presented in Fig. 4 . KLK-L4 is formed of five coding exons and four intervening introns, spanning an area of 8905 bp of genomic sequence on chromosome 19q13.3-q13.4. The lengths of the coding regions are 52, 187, 269, 137, and 189 bp, respectively. The predicted protein coding region of the gene is formed of 831 bp, encoding a deduced 277-amino acid protein with a predicted molecular mass of 30.6 kDa (Fig. 4) . The intron/exon splice sites (mGT. . . . AGm, where m is any base) and their flanking sequences are in agreement with the consensus splice site sequence (20) . A potential translation initiation codon is present at position 45 of the predicted first exon (numbers refer to our GenBank TM submission AF135024). The cDNA extends at least 382 bp further downstream from the stop codon, and a putative polyadenylation signal (TATAAA) is present at the end of this region (Fig. 4) .
Hydrophobicity analysis revealed that the amino-terminal region is quite hydrophobic (Fig. 5) , consistent with the possibility that this region may harbor a signal sequence, analogous to other serine proteases. Fig. 5 also shows the presence of several evenly distributed hydrophobic regions throughout the KLK-L4 polypeptide, which are consistent with a globular protein, similar to other serine proteases (6) . Computer analysis of the amino acid sequence of KLK-L4 predicted a cleavage site between amino acids 20 and 21 (GVS-QE). Sequence homology with other serine proteases (Fig. 6 ) predicted another potential cleavage site (Lys 25 ) in close proximity. Most other kallikreins are activated by cleavage after arginine or lysine (data not shown). Thus, although the protein product has not as yet been directly characterized, it is very likely to be a secreted protein.
The dotted region in Fig. 6 indicates an 11-amino acid loop characteristic of the classical kallikreins (PSA, KLK1, and KLK2) that is not found in KLK-L4 or other members of the kallikrein multigene family (5-7, 15, 16, 21) .
Sequence analysis of eukaryotic serine proteases indicates the presence of 29 invariant amino acids (22) . Twenty eight of them are conserved in the KLK-L4 protein and the remaining amino acid (Gln 182 instead of Pro) is not conserved among all other kallikreins (Fig. 6 ). Ten cysteine residues are present in the putative mature KLK-L4 protein. These are conserved in all the serine proteases that are aligned in Fig. 6 and would be expected to form disulphide bridges.
The presence of aspartate in position 239 suggests that KLK-L4 will possess a trypsin-like cleavage pattern, similarly to most of the other kallikreins (e.g. KLK1, KLK2, TLSP, neuropsin, zyme, prostase, and enamel matrix serine proteinase) but different from PSA, which has a serine residue in the corresponding position and is known to have chymotrypsin-like activity (Fig. 6) (23, 24) . (the human kallikrein gene family locus) enabled us to precisely localize all known genes and to determine the direction of transcription, as shown by the arrows in Fig. 7 . The PSA gene lies between KLK1 and KLK2 genes and is separated by 13,319 bp from KLK2, and both genes are transcribed in the same direction (centromere to telomere). All other kallikrein-like genes are transcribed in the opposite direction. KLK-L4 is 13 kb centromeric from KLK-L6 (GenBank Homology with the Kallikrein Multigene Family-Alignment of the amino acid sequence of the KLK-L4 protein (long form) against the GenBank TM data base and the known kallikreins, using the BLAST algorithm (18) , indicated that KLK-L4 has 51% amino acid sequence identity with the TLSP and zyme genes, 49% identity with KLK-L2, and 47 and 45% identity with PSA and KLK2 genes, respectively. A multiple alignment study shows that the typical catalytic triad of serine proteases is conserved in the KLK-L4 gene (His 108 , Asp 153 , and Ser 245 ), and as is the case with all other kallikreins, a well conserved peptide motif is found around the amino acid residues of the catalytic triad (i.e. histidine (WLLTAAHC), serine (GDSGGP), and aspartate (DLMLI)) (Fig. 6) (2, 3, 5-7, 15-16 ). In addition, several other residues were found to be fully or partially conserved among the human kallikrein gene family, as further shown in Fig. 6 . To predict the phylogenetic relatedness of the KLK-L4 gene with other serine proteases, the amino acid sequences of the kallikrein genes were aligned together using the "Clustal X" multiple alignment program, and a distance matrix tree was predicted using the Neighbor-joining/UPGMA method (Fig. 8) . Phylogenetic analysis separated the classical kallikreins (KLK1, KLK2, and PSA) and grouped KLK-L4 with zyme, TLSP, KLK-L3, neuropsin, and NES1 genes, consistent with previously published studies (8, 24, 25) and indicating that this group of genes probably arose from a common ancestral gene by duplication.
Mapping and Chromosomal Localization of the KLK-L4
Tissue Expression and Hormonal Regulation of the KLK-L4 Gene-As shown in Fig. 2 , the KLK-L4 gene is primarily expressed in mammary gland, prostate, salivary gland, and testis, but as is the case with other kallikreins, lower levels of expression are found in many other tissues. To verify the RT-PCR specificity, the PCR products were cloned and sequenced.
A steroid hormone receptor-positive breast cancer cell line (BT-474) was used as a model to verify whether the KLK-L4 gene is under steroid hormone regulation. PSA was used as a control gene, known to be up-regulated by androgens and progestins, and pS2 was used as an estrogen up-regulated control gene in the same cell line. Our preliminary results indicate that KLK-L4 is up-regulated by progestins and androgens and to a lower extent by estrogens (Fig. 9) .
Expression of KLK-L4 in Breast Cancer Tissues and Cell Lines-To characterize the extent and frequency of expression of the KLK-L4 gene in breast tumors, we used cDNA derived from 3 normal and 19 malignant breast tissues and 3 breast cancer cell lines. The data were interpreted by comparison of band intensities. Out of the 19 tumors, KLK-L4 gene expression was undetectable in 7, lower than normal tissues in 9, comparable to the normal tissues in 1, and higher than normal tissues in 2 tumors. Without hormonal stimulation, the BT-474 and T-47D cell lines had no detectable KLK-L4 mRNA, whereas the MCF-7 cell line was positive (data not shown). These preliminary results suggest that this gene is down-regulated in the majority (16/19) of breast tumors.
DISCUSSION
Kallikreins are a subgroup of serine proteases traditionally defined by their ability to release vasoactive peptides (kinins) from kininogens (23) . However, it is now recognized that in both humans and rodents, kallikreins exhibit a variety of functions in different tissues. KLK-L4 is defined as a kallikrein-like gene based on the criteria of structural homology and chromosomal localization (25) . Irwin et al. (26) proposed that the serine protease genes could be classified into five different groups according to intron position. The established kallikreins (KLK1, KLK2, and PSA), trypsinogen, and chymotrypsinogen belong to a group that has: (1) an intron just downstream from the codon for the active site histidine residue, (2) a second intron downstream from the exon containing the codon for the active site aspartic acid residue, and (3) a third intron just upstream from the exon containing the codon for the active site serine residue. Fig. 10 shows that KLK-L4 meets the above mentioned criteria; moreover, it is located in close proximity to other kallikrein genes on the chromosomal locus 19q13.3-q13.4 (Fig. 7) .
Our preliminary finding, supporting that the KLK-L4 gene may be down-regulated in a subset of breast cancers, is not surprising. There is now growing evidence that many of the kallikreins and kallikrein-like genes that are clustered in the same chromosomal region (Fig. 7) are related to malignancy. PSA is the best marker for prostate cancer so far (1) . A recent report provided evidence that PSA has antiangiogenic activity, and that this activity may be related to its function as a serine protease (27) . This study suggested that other serine proteases, including new members of the kallikrein multigene family of enzymes, should also be evaluated for potential antiangiogenic activity (27) . Recent reports suggest that human glandular kallikrein 2 (encoded by the KLK2 gene) could be another useful diagnostic marker for prostate cancer (10, 28) . NES1 appears to be a tumor suppressor gene (11) . The protease M gene was shown to be differentially expressed in primary breast and ovarian tumors (4) , and the human stratum corneum chymotryptic enzyme has been shown to be expressed at abnormally high levels in ovarian cancer (29) . Another recently identified kallikrein-like gene, located close to KLK-L4 and tentatively named tumor associated, differentially expressed gene-14 (TADG14) (an alternatively spliced form of neuropsin, see Fig. 7 ) and was found to be overexpressed in about 60% of ovarian cancer tissues (29) . Also, prostase/KLK-L1, another newly discovered kallikrein-like gene, is speculated to be linked to prostate cancer (8) . Thus, extensive new literature suggests multiple connections of many kallikrein genes to various forms of human cancer. This subject has recently been reviewed (30) .
The removal of intervening RNA sequences (introns) from the premessenger RNA in eukaryotic nuclei is a major step in the regulation of gene expression (31) . RNA splicing provides a mechanism whereby protein isoform diversity can be generated, and the expression of particular proteins with specialized functions can be restricted to certain cell or tissue types during development (31) . The sequence elements in the pre-mRNA at the 5Ј-and 3Ј-splice sites in metazoans have very loose consensus sequence; only the first and the last two bases (GT..AG) of the introns are highly conserved (32) . These sequences cannot be the sole determinants of splice site selection, because identical, but not ordinarily active, consensus sequences can be found within both exons and introns of many eukaryotic genes. Other protein factors and sequences downstream of the splice sites are also involved.
The existence of multiple splice forms is frequent among kallikreins. Distinct RNA species are transcribed from the PSA gene, in addition to the major 1.6-kb transcript (33) . Several distinct PSA transcripts have been described by Reigman et al. (34, 35) . Interestingly, one of these clones lacks the 3Ј-untranslated region, the first 373 nucleotides of the open reading frame, and has an extended exon that contains a stop codon, a pattern that is comparable with some alternative forms of the KLK-L4 cDNA, as described here (Fig. 1) . Heuze et al. (33) reported the cloning of a full-length cDNA corresponding to a glandular kallikrein 2 (KLK2) gene. A novel transcript of the tissue kallikrein gene (KLK1) was also isolated from the colon (37) . Interestingly, this transcript lacks the first two exons of the tissue kallikrein gene, but the last three exons were fully conserved, a pattern that is similar to our findings with some ESTs containing parts of the KLK-L4 gene (Fig. 1) . Neuropsin, a recently identified kallikrein-like gene, was found to have two alternatively spliced forms, in addition to the major form (29, 38) . Here, we describe the cloning of the KLK-L4 gene and the identification of a number of alternative mRNA forms. These forms may result from alternative splicing (32), a retained intronic segment (34) , or from the utilization of an alternative transcription initiation site (37) . Because the long form of KLK-L4 and the major alternative splice variant (short KLK-L4 variant) (Fig. 3) have an identical 5Ј-sequence required for translation, secretion, and activation, it is possible to assume that both mRNAs encode for a secreted protein (33) .
To investigate the relative predominance of the long KLK-L4 and related forms, cDNA from various tissues was amplified by PCR. Although, in general, it is difficult to use PCR for quantitative comparisons between mRNA species, in this experiment (mRNAs of comparable sizes, using one set of primers under identical conditions), such a comparison is reasonable (36) . In all five normal tissues examined (breast, prostate, testis, salivary gland, and uterus) the long form of KLK-L4 was the predominant with minimal level of expression of the short form (Fig. 3) .
The presence of alternatively spliced forms may be related to malignancy. Recent literature suggests that distinct molecular forms of PSA could be expressed differently by malignant versus benign prostate epithelium (39) . Aberrant PSA mRNA splicing in benign prostatic hyperplasia, as opposed to prostate cancer, has been described by Henttu et al. (40) . In addition, it has been recently postulated that different prostatic tissues potentially harboring occult cancer could account for the presence of various forms of PSA (39) . Clearly, the alternatively spliced forms of KLK-L4 should be examined and compared in detail, in various normal and malignant tissues.
